Mechanism of the stimulatory effect of a potassium-rich medium on the phosphorylation of glucose in isolated rat hepatocytes.
We have investigated the mechanism by which the replacement of a Na(+)-rich medium by a K(+)-rich medium causes an increase in the apparent affinity of glucokinase (hexokinase IV or D) for glucose in isolated hepatocytes [Bontemps, F., Hue, L. & Hers, H. G. (1978) Biochem. J. 174, 603-611]. The stimulatory effect of a K(+)-rich medium on the rate of glucose phosphorylation, as assessed by the release of tritium from [2-3H]glucose, was only partially additive with the effect of fructose, suggesting that it was also due to a decrease in the inhibition exerted on glucokinase by its regulatory protein. Measurements of metabolites indicated that the effect of the K(+)-rich medium was neither due to the formation of fructose 1-phosphate, nor to changes in the concentrations of fructose 6-phosphate or Pi, two other effectors of the regulatory protein. Replacement of Na+ by K+ in the medium resulted in a time-dependent and dose-dependent increase in cell volume that paralleled the changes in the rate of detritiation observed at 5 mM glucose. The water and chloride contents, estimated using radiolabelled compounds, were threefold and tenfold higher, respectively, in K+ cells than in Na+ cells, and the intracellular Cl- concentration about threefold higher (94 versus 29 meq/l). The effects of the K(+)-rich medium on cell volume, Cl- concentration and rate of detritiation were greatly reduced by including 80 mM trehalose or sucrose in the medium at the start of the incubation. Addition of trehalose to cells incubated for 45-50 min in the K(+)-rich medium caused an immediate decrease in cell volume whereas the rate of detritiation and the Cl- concentration underwent a transient increase followed by a decrease. Replacement of KCl by KBr, potassium acetate or potassium trichloroacetate in the K(+)-rich medium resulted in different relationships between cell volume and the rate of detritiation, in agreement with the differential effect of these salts on the activity of purified glucokinase assayed in the presence of regulatory protein. From these results we conclude that the increase in the activity of glucokinase induced by a KCl-rich medium is at least partly due to an increase in the concentration of Cl-, which relieves the inhibition exerted by the regulatory protein on purified glucokinase.